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The Atchafalaya Bay system consists of a series of five shallow bays in southern Louisiana (U.S.A.) that are dominated
by the circulation of the Atchafalaya River plume. Winter cold fronts have a significant impact on the resuspension
and transport of sediments in this region, and a better understanding of the circulation during these events is abso-
lutely necessary for determining the sediment transport patterns of the Atchafalaya Bay system and the adjacent
shelf area. Understanding the circulation of this region is also crucial for environmental studies as well. This work
describes the implementation of the Navy Coastal Ocean Model (NCOM), a three-dimensional numerical circulation
model for tide, river, and wind-forced circulation in the Atchafalaya Bay system. The model has a cell size (Ax) of
~800 m and is nested to a northern Gulf of Mexico model (Ax ~ 5000 m), which is itself nested to the global NCOM
(Ax = 1/8°). Atmospheric forcing is supplied by the Navy Operational Global Atmospheric Prediction System (NO-
GAPS) (Ax = 1°). These models are used to simulate the hydrodynamics of the Atchafalaya Bay system and Atchaf-
alaya river plume between December 1997 and January 1998 during the passage of three winter cold fronts. The
water levels, salinity, and currents predicted by NCOM are in reasonable agreement with available measurements
and tide-gauge elevation data. Errors in ebb tides and wind-driven circulation are attributable to uncertainties in the
bathymetry and the low spatial and temporal resolution of the NOGAPS wind fields.

ADDITIONAL INDEX WORDS: Coastal processes, Aichafalaya Bay system, river plume, salinity front, sediment trans-
port, remote sensing, NCOM model, cold front.

INTRODUCTION

This paper describes and validates a realistic numerical
hydrodynamic simulation of the Atchafalaya Bay region,
which is an important component of Louisiana’s coastal eco-
system. The shallow, muddy, and nutrient-rich environments
of coastal Louisiana contribute substantially to the seafood
and recreational economies of the state, but these sensitive
areas are threatened by rising sea level and coastal erosion,
with short-term rates of shoreline retreat as high as 10 m/y
(PENLAND et al., 2005). The extensive coastal wetlands also
play an important role as buffers to protect the city of New
Orleans from storm surges during hurricanes. Ultimately,
the long-term survival of this fragile environment is depen-
dent on water circulation and sediment transport. A better
understanding of hydrodynamic and sediment transport pro-
cesses within these coastal areas is, therefore, essential from
economic, environmental, and societal perspectives.

Numerical models for circulation and sediment transport
have the potential to provide accurate forecasts over large
coastal regions, thus providing an important and cost-effec-

DOI: 10.2112/07-0877.1 received 23 April 2007; accepted in revision
18 July 2007.

tive tool for coastal management. Perhaps more important,
these models can also provide long-term hindcasts, enabling
coastal scientists to determine how a particular region has
been affected in the past by changes in river discharge, sed-
iment transport, and energetic events such as winter cold
fronts (or tropical storms) over a period of several years. To
apply these models to river-dominated bays and estuaries, it
is imperative that they first be validated with in situ field
data as well as remotely sensed observations (i.e., data ob-
tained from satellites and flyovers).

Background and Study Area

The 1500 km? Atchafalaya Bay system (Figure 1), which
comprises five contiguous bays: Vermilion Bay, West and
East Cote Blanche Bays, Atchafalaya Bay, and Fourleague
Bay, represents one of Louisiana’s most dynamic coastal en-
vironments. This region was an abandoned delta complex of
the Mississippi River until the 1950s when a new episode of
delta building began (ROBERTS, ADAMS, and CUNNINGHAM,
1980; SCHLEMON, 1975). Since the 1970s, the Atchafalaya
and Wax Lake subaerial deltas have grown where Atchafa-
laya River water is discharged into Atchafalaya Bay via the
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Figure 1. Regional map showing Atchafalaya Bay system and locations
referred to in the text. GIWW = Gulf Intracoastal Waterway.

main river channel and Wax Lake Outlet (ALLISON et al.,
2000; RoBERTS, ADAMS, and CUNNINGHAM, 1980). Because
of the high sediment load carried by this water, the coastline
of the Chenier Plain to the west of Atchafalaya Bay is ad-
vancing at rates as high as 50 m/yr (HuH, WALKER, and
MOELLER, 2001) instead of eroding, which is the dominant
trend of coastal Louisiana. Between 1987 and 2001 the coast-
line of the eastern chenier plain (92.4°W) accreted as much
as 600 m of mud, advancing at an average rate of 28.9 m/yr
(DRAUT et al., 2005). In addition, as indicated by recent stud-
ies (DRAUT et al., 2005; HuH, WALKER, and MOELLER, 2001;
KINEKE et al, 2006), energetic resuspension events associ-
ated with winter cold fronts and tropical storms play a im-
portant role in enhancing the accretion of mud along the
coastline of the Chenier Plain as well.

The outflow from the Mississippi River into the upper At-
chafalaya basin is regulated at 15% to 29% of the total Mis-
sissippi River inflow (ALLISON et al, 2000), but the Atchaf-
alaya River carries 40% to 50% of the total Mississippi sedi-
ment load (Mossa and ROBERTS, 1990). The lower Atchafa-
laya River (LAR) transports about 70% of the upper
Atchafalaya River freshwater discharge and is, therefore, a
significant source of both freshwater and sediment for the
entire bay system. The LAR’s maximum freshwater discharge
occurs from January through July, with transport rates as
high as 7200 m*/s (U.S. GEOLOGICAL SURVEY, 2001). The
Wax Lake Outlet (WLO) transports most of the remaining
30% (ALLISON et al., 2000) of the upper Atchafalaya fresh-
water discharge. The freshwater outflow from the WLO can
be as high as 5800 m?s from January through July (U.S.
GEOLOGICAL SURVEY, 2001).

Between October and April, 20 to 30 cold fronts pass
through this region, with intervals of 4 to 7 days, and their
strong and variable winds affect the circulation throughout
the bay (KAHN and ROBERTS, 1982; KINEKE et al, 2006;
MOELLER et al., 1993; WALKER and HAMMACK, 2000, here-
inafter WHO00). WHOO showed that bay water levels west of
Atchafalaya Bay fall ~1 m on average because of the strong
northwesterly to northerly winds associated with the passage

of cold fronts. The winds generated by cold fronts also influ-
ence the direction of the LAR and WLO outflow plumes on
the adjacent continental shelf, altering the transport and de-
position of sediments in the region (KINEKE et al, 2006;
WHO00). However, satellite observations indicate that the sed-
iment plumes result from both resuspension by strong post-
frontal winds as well as flushing of the bay. It is estimated
(WHO00) that 107 metric tons of sediment (12% of the total
sediments delivered to the coast annually by the Atchafalaya
River) are transported from the bays to the continental shelf
annually by winter storms. Sediment transport to the shelf
may be better quantified with additional data or models be-
cause this preliminary estimate was based on extrapolation
of time series measurements from only one station within the
entire bay system.

Objective

Previous studies have used satellite observations and field
measurements to examine various aspects of resuspension,
sediment transport, and sedimentation in the region but have
not attempted to model the dynamics of these processes in
detail (MOELLER et al., 1993; PEREZ et al., 2000; WHO00). The
objective of this work is to describe a numerical model of cir-
culation within the bay system and validate the results with
available observations during cold fronts, specifically during
the period studied by WHO0O0. The validated circulation model
will be used in future sediment transport studies of the re-
gion. The influence of combined tides and atmospheric forcing
on plume dynamics and exchange processes with the conti-
nental shelf are discussed in a companion paper (COBB,
KEEN, and WALKER, 2008).

METHODS
The Navy Coastal Ocean Model (NCOM)

The Navy Coastal Ocean Model is a three-dimensional,
primitive equation, hydrodynamic model that employs the
hydrostatic, incompressible, and Boussinesq approximations
to solve the conservation equations for the current velocity,
temperature, and salinity as well as the continuity equation
(MOREY et al.,, 2003). It uses Smagorinsky horizontal mixing
coefficients and the Mellor-Yamada level 2.5 parameteriza-
tion for vertical mixing. The model equations are solved on
an Arakawa C grid. The horizontal grid is curvilinear and
uses a hybrid vertical coordinate system, which consists of
both fixed z levels in deep water and variable o coordinates
in shallow water. The free surface and vertical mixing equa-
tions are solved implicitly; the other terms are treated ex-
plicitly. NCOM can be nested to a coarse-grid model to supply
boundary conditions at the open boundary of the domain.
NCOM has been validated at global (BARRON et al., 2004;
KARA et al., 2006) and basin scales (Ko, PRELLER, and MAR-
TIN, 2003). It also compares well with observations from
coastal regions (e.g,, KEEN et al.,, 2006; MOREY et al., 2003).

The surface boundary condition for all of the simulations
discussed herein consists of wind speed and direction at
6-hour intervals interpolated from the 1° Navy Global Oper-
ational Atmospheric Prediction System (NOGAPS) forecast
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Figure 2. Northern Gulf of Mexico (NGOM) grid bathymetry. The con-
tour spacing is approximately 300 m. The arrows indicate the locations
of the Atchafalaya and Mississippi River inflows. The white box indicates
the location of the nested Atchafalaya Bay grid.

fields. Open boundary conditions for NCOM comprise water
levels and vertically integrated transports, which can consist
of separate subtidal and tidal flows, and profiles of temper-
ature, salinity, and currents. A radiation boundary condition
is used for momentum, heat, and mass along the open bound-
ary. River inflow is represented by a boundary condition for
transport, temperature, and salinity at specified grid cells.
Specific boundary conditions for the simulations discussed in
this paper are discussed in the following sections.

Model Simulations

Model simulations were completed using NCOM for July
1997 to January 1998, which includes the measurement pe-
riod described by WH00. NCOM is run on two domains in
this study: (1) a Northern Gulf of Mexico grid (Figure 2) with
a resolution of ~5 km; and (2) a smaller nested grid (Figure
3) with a cell size of ~800 m.

The Northern Gulf of Mexico Simulations

Two kinds of simulation have been run on the Northern
Gulf of Mexico (NGOM) domain: (1) tides only; and (2) real-
istic forcing with winds, tides, and river inflow. The grid has
a vertical discretization of 20 z levels and 4 o levels with a
minimum depth of 1 m. A time step of 500 seconds is used.
This grid is too coarse to resolve either Vermilion Bay or West
and East Cote Blanche bays, so an artificial bay region was
added to the original NGOM grid to have a general represen-
tation of the inner bays. The NGOM grid extends from 97.48°
W to 81.53° W and 26.0° N to 30.40° N with 320 and 89 cells
along the easting and northing axes, respectively. The NGOM
initial and boundary conditions for temperature and salinity
were obtained from the 1/8° global NCOM implementation.
The NGOM simulations are designed to supply boundary con-
ditions to the Atchafalaya Bay nested model described in the
following section. Tidal forcing at the open boundary of the
NGOM grid consists of water levels and vertically integrated
transports for eight constituents: K1, O1, P1, Q1, K2, M2,
N2, S2. The tidal factors (phase and amplitude) are found
from the global tide model of EGBERT and EROFEEVA (2002).

924 922 92 91.8 916 91.4 912
Lon (deg)
m

5 10 15 20

Figure 3. Bathymetry, inflow points, and data locations of the Atchaf-
alaya Bay system. Contour spacing is 2 m. The squares indicate sources
of freshwater: LAR = lower Atchafalaya River; WLO = Wax Lake outlet;
JB = Jaws Bay; VR = Vermilion River. Circles indicate IHO tidal sta-
tions: RB = Rabbit Island Pass; LH = Lighthouse Point; OS = offshore
point. Data location points from Walker and Hammack (2000) are indi-
cated by triangles: S1 = Site 1; S3 = Site 3; S3-2 = alternate Site 3,
down triangle; CP = Cypremort Point; LL = Luke’s Landing. Wind mea-
surements were also collected at Cypremort Point.

The tide-only NGOM simulation was run for December 15,
1997, to January 15, 1998, for the purpose of tidal validation.

The NGOM simulations include four inflow locations (Ta-
ble 1): the LAR, the WLO, and two major outflows from the
Mississippi River (Mississippi-A and -B) (their approximate
locations are indicated by arrows in Figure 2). The discharges
for the Mississippi-A and -B are monthly climatologies (BAR-
RON and SMEDSTAD, 2002); note that the term “climatology”
indicates that the river discharge was determined from his-
torical records of discharge and is only a monthly mean value
in this case. The LAR and WLO discharges were compiled
from USGS data (U.S. GEoLoGICAL SURVEY, 2001) and
WALKER and HAMMACK (1999). USGS discharge data were
unavailable for November to December 1997 for the LAR and
for January 1998 for the WLO. The missing data were esti-
mated by combining the USGS measurements and the WALK-
ER and HAMMACK (1999) observations. Consequently, ap-
proximately 60% of the upper Atchafalaya River discharge
goes to the LAR in this study. This is similar to the estimated
average of 70% typically stated in the literature, which is

Table 1. Mean monthly river discharge conditions for the northern Gulf
of Mexico model domain. Note that the Mississippi A and B salinities were
held at 10 psu, and their temperatures are listed in parentheses in the Miss.
A discharge column.

Disch (m?¥/s)
Temp. Salinity St

Month and Year (°C) (psu) Atchafalaya WLO Miss. A Miss. B
November 1997 12 5 1849 1260 3825 (12) 3825
December 1997 8 2 2291 1564 5527 (8) 5527
January 1998 10 0 5323 3814 6956 (14) 6956
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Table 2. Mean monthly river discharges for the Atchafalaya Bay system model domain.

July 1997 August 1997 September 1997 October 1997 November 1997  December 1997 January 1998
m¥/s m?¥/s m?/s m?¥/s m¥/s m¥/s m?/s
Lower Atchafalaya River 3017 1843 1555 1465 1849 2291 5323
Wax Lake 2082.4 1185.6 1065.2 1238 1260 1564 3814
Jaws Bay 173 100 100 120 150 150 186
Vermilion River 28.2 24.6 27.9 23.8 19.6 24.1 18.3
Cypremort Point 43 43 43 43 43 43 43

based on long-term measurements (e.g, VAN HEERDEN,
WELLS, and ROBERTS, 1983). The mean monthly tempera-
ture and salinity values for the LAR and WLO (Table 1) were
obtained by using the minimum values of the data taken at
Site 1 (91.70° W, 29.60° N) (see Figure 3 for location) by
WAaLKER and HAMMACK (1999) in November 1997 through
January 1998. The temperatures of the Mississippi-A and -B
rivers were estimated using available data for the time
(WALKER and HAMMACK, 1999) and their salinity values
were set to 10 psu.

The Atchafalaya Bay Simulations

The Atchafalaya Bay grid (ABG) (Figure 3) uses bathym-
etry data from NOAA (NOAA, 2005), which covers most of
the Atchafalaya Bay system at a resolution of approximately
90 m; however, it excludes Vermilion Bay and the adjacent
continental shelf. The NOAA bathymetry extends from the
shore to approximately the location of point RB in Figure 3,
spanning the entrance to Atchafalaya Bay. Consequently, a
uniform depth of 2.5 m is set for Vermilion Bay, and offshore
depths are interpolated from the NGOM grid. In addition, a
channel representing Southwest Pass (Figure 1) was created
to allow water exchange between Vermilion Bay and the con-
tinental shelf. The channel depth of 24 m is based on previous
measurements (WHO00). The bathymetry used for the ABG is
subsampled from the actual bathymetry to a resolution of
approximately 800 m. The coastline and island boundaries
used in the domain were determined for the entire region
(Figure 3) using the World Vector Shoreline database from
the National Geospatial-Intelligence Agency (NGA). The
ABG grid extends from 92.5° W to 91.0° W and 29.0° N to
29.99° N with 188 and 125 cells along the easting and north-
ing axes, respectively. All of the Atchafalaya simulations in
this study use four z levels and four terrain-following o levels.
The o levels are applied when the depth is less than 15 m. A
minimum depth of 1 m is used. A time step of 92.9 seconds
is used for realistic simulations and 300.0 seconds for tide-
only simulations.

It is important to have realistic initial conditions for
NCOM within the entire bay system prior to the validation
period (December 23, 1997, to January 12, 1998). Thus, the
ABG model is run from July 2 to November 8, 1997, to allow
the development of the estuarine circulation and the river
plumes. The final state of this simulation (water levels, cur-
rents, temperature, and salinity) is used to restart the model
for the validation period. The spin-up run includes the same
tidal boundary conditions and atmospheric forcing as the
NGOM simulation, but no subtidal forcing (i.e, NGOM bar-

oclinic boundary conditions) is imposed at the open boundary.
The initial and offshore boundary condition values for the
temperature and the salinity are specified to be 20°C and 35
psu, respectively. Note that because of these initial conditions
and the lack of any freshwater sources specified for Four
League Bay (see Figure 1), a small patch of high salinity is
trapped at the end of this bay. This high salinity water is
mixing with the river plume water but at a very slow rate.

The ABG open boundary conditions during the study period
(November 8, 1997, to January 11, 1998) are interpolated
from the NGOM 3-hour output fields of water level, temper-
ature, salinity, and currents. Tidal forcing is not applied at
the ABG boundary because the tides are already incorporated
into the open boundary condition obtained from the NGOM
simulation. The NOGAPS wind velocity fields used for the
ABG simulations are interpolated from the same wind fields
used to drive the NGOM simulation.

The primary sources of freshwater for the ABG simulation
are the LAR and WLO, but to achieve realistic salinity values
within Vermilion Bay, West Cote Blanche Bay, and East Cote
Blanche Bay, we require additional sources of freshwater. Al-
though there are numerous freshwater outlets into the At-
chafalaya Bay system (GOREE et al, 2001; SWARZENSKI,
2003), only those having significant discharge are included.
For example, the Jaws Bay and Cypremort Point Gulf Intra-
coastal Waterway (GIWW) outlets (see Figure 3 for locations)
play an important role in determining the salinity levels of
the western bays. The Vermilion River (see Figure 3 for lo-
cation) is also included because of its close proximity to a
location at which salinity was measured by WHO00. Monthly
mean discharges at the LAR and WLO (Table 2) for July
through October 1997 are from the USGS database. The min-
imum monthly temperatures measured at Site 1 are used for
the LAR and WLO for the entire simulation period (Table 3).
The LAR and WLO inflow salinities (Table 4) were adjusted
to improve the model-observation agreement but are main-
tained between the minimum and mean monthly values of
the Site 1 salinity measurements. The discharges for Novem-
ber 1997 through January 1998 at the LAR and WLO outlets
were estimated in the same way as for the NGOM simulation.

There are several minor but locally important sources of
freshwater for the Atchafalaya Bay system in addition to the
LAR and WLO. The monthly mean discharges for January to
July at Jaws Bay (Table 2) are estimated using 1997 data
from SWARZENSKI (2003). The Jaws Bay August-to-December
discharges, which are not available, are estimated using the
WLO discharge for July-August. The ratio of the WLO Au-
gust and July discharge values is 0.57. Applying this ratio to
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Table 3. Mean monthly river discharge temperature for the Atchafalaya Bay system model domain.

July 1997 August 1997 September 1997 October 1997 November 1997  December 1997 January 1998
(°C) (°C) (°C) (°C) (°C) °C) (°C)
Lower Atchafalaya River 29 28 25 16 12 8 10
Wax Lake 29 28 25 16 12 8 10
Jaws Bay 30.8 31 28.8 21.2 15.8 12.4 13.4
Vermilion River 29 29 25 16 10 8 10
Cypremort Point 29 29 25 16 10 8 10

the July data for the WLO results in a mean August dis-
charge of approximately 100 m%s into Jaws Bay (assuming
the WLO and Jaws Bay outlet have similar trends). Between
August and December, we gradually increase the Jaws Bay
discharge rate to the January value, following the general
trend of the WLO. The mean monthly temperature (Table 3)
and salinity (Table 4) values measured at Site 1 are used for
Jaws Bay (JB) but with two exceptions: (1) the maximum
salinity measured at Site 1 is used for November, and (2) the
salinity in December is increased above the mean to improve
the model’s accuracy. The Vermilion River discharges (Table
2) are obtained from mean monthly values measured at Per-
ry, Louisiana, and the constant discharge value used for Cy-
premort Point is estimated using measurements taken be-
tween July 1997 and September 2000 (GOREE ef al., 2001).
The temperature and salinity values of both the Vermilion
River and Cypremort Point (Tables 3 and 4) are specified us-
ing the minimum values measured at Site 3 (91.98° W, 29.63°
N) (see Figure 3 for location) by WALKER and HAMMACK
(1999).

COMPARISON OF MODEL PREDICTIONS AND
OBSERVATIONS

Wind Vectors

Winter cold fronts of varying intensity pass over the At-
chafalaya bay region between October and April. As a cold
front passes, the wind direction rotates clockwise, changing
from a prefrontal southerly wind (blowing to the north) to
postfrontal northerly wind (MOELLER et al., 1993). Three cold
fronts passed over the Atchafalaya bay region between De-
cember 23, 1997, and January 12, 1998. The physical re-
sponses of the western bays (East Cote Blanche, West Cote
Blanche, and Vermilion Bays) to these three cold fronts are
reviewed in detail by WHO00. We have used the WH00 wind
speed and direction data collected every 30 minutes at Cy-
premort Point during this period. The first two cold fronts
were part of the same storm system and occurred between

December 26 and 30. The third cold front occurred between
January 7 and 9.

The NOGAPS wind vectors at Cypremort Point (CP) (Fig-
ure 4A) reveal maximum prefrontal southerly winds of 8.6 m/s
on December 24, followed by northerly winds. The maximum
measured wind (Figure 4B) is noticeably stronger than the
model during this period, however. The measured wind ve-
locity was interpolated to the same dates as the NOGAPS
output in Figure 4B for the purpose of comparison. The wind
returned to southerly prior to the second cold front on Decem-
ber 29. The first week of 1998 was dominated by a southerly
wind until January 7, when a third cold front occurred. The
NOGAPS wind captures these changes in wind direction well,
but the magnitude is overpredicted for the southerly wind
between the second and third cold fronts and underpredicted
during periods of strong northerly winds. The NOGAPS wind
should therefore provide adequate forcing for both the NGOM
and ABG models during the passage of each cold front, when
the wind direction is changing rapidly, but the strong post-
frontal winds will be underpredicted. In addition, the model’s
response to the steady southerly winds between the second
and third cold fronts may be too strong.

Tidal Elevations

A purely tidal NGOM-ABG nested simulation was run for
the period of December 15, 1997, to January 15, 1998. The
model-predicted tidal elevations are compared with eleva-
tions extracted from the IHO (International Hydrographic
Office) database for two tidal stations within the Atchafalaya
Bay system (Figure 5): Light House Point (LH in Figure 3);
and Rabbit Island Pass (RB). The means of both the model
and the IHO data time series have been removed to eliminate
any subtidal biases and differences in reference elevation.
The model skill is quantified using a correlation coefficient
(BENDAT and PiersoL, 2000).

The correlation coefficients R for elevations at LH and RB
are 0.94 and 0.91, respectively. The phase of the predicted

Table 4. Mean monthly river discharge salinity for the Atchafalaya Bay system model domain.

July 1997 August 1997 September 1997 October 1997 November 1997  December 1997 January 1998
(psu) (psu) (psu) (psu) (psu) (psu) (psu)
Lower Atchafalaya River 0 2 2 4 5 4 3
Wax Lake 0 2 3 4 5 4 3
Jaws Bay 4.4 4.3 5.2 8 9 9 3.5
Vermilion River 1 3 2 6 7 3 0
Cypremort Point 1 3 2 6 i 3 0
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Figure 4. Wind vectors at Cypremort Point between December 23, 1997,
and January 13, 1998. (A) Interpolated NOGAPS forecast. (B) Measured
wind from Walker and Hammack (2000).

and measured elevations agrees at both stations whereas the
amplitude is best at LH. The predicted tidal amplitude at RB
is less than the THO data, especially during low tides. The
disagreement at Rabbit Island Pass is not surprising because
the shallower (i.e, inner bay) regions of the ABG domain were
created using bathymetry data collected in 1934. Since this
time there have been substantial changes in the bathymetry
of Atchafalaya Bay and East Cote Blanche Bay (WALKER et
al, 1997). In particular a number of oyster reefs were re-
moved from the vicinity of RB after 1934 (STONE, ZHANG,
and SHEREMET, 2005). We also compare the IHO predictions
at RB with the modeled sea surface elevation at a point fur-
ther offshore from RB (location OS in Figure 3). The R value
at OS is 0.99, indicating that the model’s prediction of the
tidal amplitude is significantly better where the model ba-
thymetry is based on more recent observations.

Combined Water Levels

To validate the realistic ABG’s sea surface elevation, we
use hourly water level data measured at Luke’s Landing (LL
in Figure 3) by the U.S. Army Corps of Engineers (New Or-
leans District) during the same period as the WHOO current
and salinity measurements. The water level predicted by the
ABG model at Luke’s Landing is plotted with the observa-
tions in Figure 6. The model results reveal the same trend
as the observations, but there are several discrepancies.
First, the model underpredicts the low water levels at Luke’s
Landing; this is probably because of differences between the
model and the actual bathymetry as previously discussed.
The model also fails to reproduce the large fluctuations in the
elevation during both high and low tides. This could be due
to local bathymetric effects caused by the location of the tide
gauge as well as the differences between the NOGAPS and
the measured winds. An example of this occurs in the mea-
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sured water levels on December 27. During this time, strong
postfrontal northerly winds created a maximum setdown in
the observed water level that was approximately 0.3 m larger
(i.e, more negative) than the water level predicted by the
model. The measured winds were significantly stronger than
the NOGAPS winds during this period (Figure 4).

During each cold front event, there is a flushing of the
western bays (East Cote Blanch Bay to Vermilion Bay) by the
strong postfrontal northerly winds (WHO00), which results in
a significant setdown in the water levels at LL (Figure 6).
The westerly and northerly winds of the cold fronts also re-
direct the river plume’s westward transport to the east for
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Figure 6. Water level (m) at Luke’s Landing (LL in Figure 3). The solid
line represents the wind-tide-river forced ABG simulation. The dashed
line represents the water level time series data reproduced from Walker
and Hammack (2000). The means have been removed from both time
series.

several days, typically. Following the second cold front event
of December 29, the observed southerly wind was light and
variable (Figure 4). Stronger and less variable southeasterly
winds were determined from NOGAPS; nevertheless the nor-
mal westward transport of the river plume was not reestab-
lished until around January 5. During the intervening period
(January 1-5), the water levels at LL increased as the south-
erly winds forced river plume water into the western bays.
The shelf water does not enter the bay system in the vicinity
of LL during this period because of the outflow of the river
plume. As the westward transport of the model’s river plume
reestablishes itself, the water level of the model at LL starts
decreasing and diverging from the measured water level (Fig-
ure 6). This premature decrease in the water level of the mod-
el at LL suggests that the strong and steady southerly NO-
GAPS winds reestablish the westward flow of the model’s
river plume earlier than the actual river plume.

Current Vectors

The measured current velocities at Sites 1 and 3 (Figure
7) are projected along axes that are aligned with the tidal
flow (WHO00). Primary current axes orientations of 140°/320°
(flood/ebb flow direction measured counterclockwise from
east) and 30°/210° were used at Sites 1 and 3, respectively.
The currents from the model at Site 1 are projected along
these same axes. By convention, currents entering the bays
are positive. The model grid does not accurately reflect the
coastline and bathymetry at Site 3. Therefore, the predicted
currents at a location (92.01° W, 29.63° N; S3-2 in Figure 3)
that is slightly closer to the entrance of Southwest Pass are
compared to the observations at Site 3. We use a current axis
of 120°/300° instead of 30°/210° to determine incoming and
outgoing currents in the same manner as WH00. We do not
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Figure 7. NCOM ABG simulation (solid line) and measured (dashed
line) surface current magnitude (m/s) between December 23, 1997, and
January 13, 1998: (A) Site 1. The current velocities have been projected
along an axis with a direction of 140°/320°; (B) Site 3. The model results
are from the western side of Southwest Pass (site S3-2 in Figure 3). The
observed current velocities have been projected along an axis with a di-
rection of 30°/210° and the model has been projected along 120°/300°. See
text for explanation. Arrows indicate important differences between the
model and the data.

expect perfect agreement between the measured and modeled
currents at Southwest Pass because the model bathymetry of
Vermilion Bay is only approximate and the pass was artifi-
cially created. Nevertheless, the model results at this point
will demonstrate that the magnitude and phase of the pre-
dicted currents at Southwest Pass are comparable with the
observations at Site 3.

The model-predicted incoming (positive) current velocities
at Site 1 (Figure 7A) are in good agreement with the obser-
vations for most of the study period. The overprediction of
the incoming currents on January 2 (indicated by arrow 3 in
Figure 7A) is consistent with the disagreement for the water
levels at Luke’s Landing (Figure 6); the predicted water level
increases too rapidly because the modeled incoming currents
are too strong. During the period of steady southerly winds
between the second and third cold fronts, the flood currents
from the model and the observations are in good agreement,
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even though the NOGAPS wind is stronger than the mea-
sured winds.

The outgoing (negative) modeled currents at Site 1 are con-
sistently underpredicted. The model-observation comparison
of the tidal elevation at RB (Figure 5B) suggests that this is
partly due to the bathymetry, but, as discussed above, the
atmospheric forcing also contributes to the error. In partic-
ular, the measured outgoing currents during the postfrontal
phase of the first (December 27) and second (December 29)
cold fronts are underpredicted (indicated by arrows 1 and 2)
by the model because the NOGAPS winds are weaker than
the measured winds (Figure 4). The prefrontal winds of the
third cold front (January 7) generate outgoing currents in the
model, but the observations indicate a more tidal pattern to
the currents; see arrow 4 in Figure 7A. The measured cur-
rents also indicate a more prolonged period of outflow follow-
ing the third cold front, resulting in a significant error during
the January 7 to January 8 period; see arrow 5 in Figure 7A.
These discrepancies are consistent with differences between
the NOGAPS and the measured wind during this period (Fig-
ure 4). After January 9 the model’s skill improves signifi-
cantly as does the agreement between the NOGAPS and the
measured winds.

The flow through Southwest Pass is dominantly tidal dur-
ing spring tides. The predicted flow at S3-2 (Figure 7B) is
generally in phase with the observations except around Jan-
uary 8 (indicated by arrow 2), but the magnitudes are un-
derpredicted during the first and second cold fronts. The
agreement is quite good during the passage of the third cold
front around January 7 (see arrow 1), unlike Site 1 (arrow 4
in Figure 7A). This suggests that the flow through Southwest
Pass, as opposed to West Cote Blanche Bay, dominates the
circulation at Site 3 during this period. Between January 7
and 8 (arrow 2 in Figure 7B) the measurements indicate a
large outgoing current that is not reproduced by the model
at S3-2. This discrepancy is most likely due to differences
between the NOGAPS and the measured postfrontal winds
around this time (Figure 4). The large outgoing currents mea-
sured at Site 3 at this time are consistent with the Site 1
(arrow 5 in Figure 7A) and the Luke’s Landing observations
(Figure 6) as well. Following the third cold front there is good
agreement between the model and the observations.

Salinity

To validate the predicted salinity of the model, we use the
WHO00 measurements at Sites 1 and 3. The trends of the mod-
el-predicted and measured salinity time series at Site 1 (Fig-
ure 8A) are in good agreement for most of the validation pe-
riod. The salinity is overpredicted following the passage of
cold fronts on December 25-30 and January 7-9. These dis-
crepancies are caused by the transport of higher salinity wa-
ter from West Cote Blanche Bay into the vicinity of Site 1.
This indicates that the movement of the freshwater river
plume, as well as the circulation of the western bays, is not
correctly predicted with the NOGAPS wind forcing. It should
be pointed out though that the monthly salinity values of the
LAR, WLO, and Jaws Bay outlet may be too high for early
January, leading to an overprediction of the minimum salin-
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Figure 8. NCOM (solid line) and measured (dashed line) salinity (psu)
between December 23, 1997, and January 13, 1998: (A) Site 1; (B) Site 3.

ity values at Site 1 following the third cold front. As discussed
in WHOO there is also a significant rainfall event on January
7 that is not captured by the model. This rainfall event could
presumably create salinities at Sites 1 and 3 that are lower
than the monthly mean salinity values used for the rivers in
our simulation. The model salinity at Site 1 captures the cor-
rect trends in the observations after January 9 but with a
bias of about 1-2 psu.

It should also be emphasized that Site 1 is near a salinity
front created by the intrusion of the river plume water into
the western bays. This makes an accurate prediction of the
exact salinity at Site 1 quite difficult due to its sensitivity to
the location of the front. The front itself is quite sensitive to
the wind, tide, and river discharge at any particular time.
This sensitivity is apparent from the fluctuations in the mea-
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sured salinity values in Figure 8A. The surge in river dis-
charge following the rainfall event on January 7 (WHO00) is
another discrepancy between the model and the actual sce-
nario that could create differences between the measured and
predicted salinities at Sites 1 and 3.

Salinity is underpredicted during the southerly wind of
January 1-5. The model salinities decrease rapidly between
January 1 and January 3 because the southeasterly model
winds are steady whereas the observed winds were weaker,
more variable, and more easterly. This causes a decrease in
salinity at Site 1 because the Atchafalaya river plume water
is transported westward into West Cote Blanche Bay. The
river plume’s offshore westward transport intensifies around
January 5 and water levels decrease in the West Cote Blanche
Bay. Higher salinity water, which has been confined to the
inner western bays, is transported southeastward into the
vicinity of Site 1. This leads to the rapid increase in the sa-
linity at Site 1 after January 5. The discrepancy between the
model and the observations at Site 1 is thus consistent with
the error in the modeled water levels at Luke’s Landing. This
process is examined in more detail in a companion paper
(CoBB, KEEN, and WALKER, 2008).

The salinity of the model at Site 3 (Figure 8B) is in better
agreement with the observations than at Site 1. The peaks
associated with the cold fronts are in phase and have the
same duration as the observations. The model also reproduc-
es the salinity fluctuations seen in the measurements quite
well, especially between December 31 and January 4. It
should be pointed out that these large salinity fluctuations
are generated by the inflow of higher salinity offshore water
through Southwest Pass (WH00). The model and the obser-
vations disagree between December 28 and 31 because of the
larger measured incoming and outgoing currents (Figure 7B),
which create greater fluctuations in the measured salinity at
Site 3. Following this event, the predicted salinity trend
matches the observations quite well; however, the model has
a bias of approximately 2 psu between January 5 and 11. This
bias is most likely the result of the Vermilion River, Cypre-
mort Point GIWW Outlet, and Jaws Bay discharge salinities
being too high prior to the validation period (see Table 4) and
perhaps the rainfall event on January 7 as well. It should
also be pointed out that the model-data agreement for the
current velocity at Site 3 improves after December 31 as well
(Figure 7B) in conjunction with the improvement in salinity.
The processes that determine the salinity fluctuations at Site
3 are discussed further in CoBB, KEEN, and WALKER (2008).

The Atchafalaya Surface Plume

The preceding comparisons between the model and the ob-
servations have been at isolated points. However, it is also
important to evaluate the shelf-scale dynamics of the river
plume being simulated by NCOM. The southeastern edge of
the predicted plume can be conveniently delineated by the 20
psu isopleth on December 29, 1997 (Figure 9A); the isobaths
from 2 to 14 m have been plotted at 4-m intervals in white
over the salinity contours in Figure 9A. This snapshot rep-
resents the plume during the postfrontal northwesterly
winds of the second cold front. It is also apparent from Figure
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Figure 9. (A) Surface salinity contours (1.5-psu interval) for December
29, 1997 (20:02), predicted by the numerical model. The isobaths between
2 and 14 m are plotted at 4-m intervals in white. (B) NOAA-14 AVHRR
derived satellite imagery of suspended sediment concentration (mg/L) for
December 29, 1997 (20:38) UT. SSC were estimated using the algorithm
presented in Myint and Walker (2002). The black contour line indicates
the 10-m isobath.

9A that the plume water discharged from Atchafalaya Bay is
moving parallel to the bathymetric contours and is being
channeled between essentially the 2- and 6-m isobaths. The
core of the plume can be seen in Atchafalaya Bay where the
salinity is less than 5 psu. Other areas of freshwater exist in
the western bays and along the coast in the vicinity of Marsh
Island.

The higher salinity water southwest of Atchafalaya Bay
(~20-30 psu) is the result of the river plume water mixing
with high salinity (>30 psu) water when it is forced offshore
by strong postfrontal northerly winds around December 27.
This well-mixed edge of the river plume appears to be bound-
ed to a great extent by the 10-m isobath as it is displaced to
the southeast. In addition, the salinity contours in the west-
ern section of the domain reflect the shoaling of the bathym-
etry in this region (as seen from the bathymetry contours in
Figure 9A). These postfrontal salinity patterns are qualita-
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tively similar to field measurements reported by KINEKE et
al. (2006). In particular their observations display a correla-
tion between salinity and bathymetry that is similar to the
behavior predicted by the model. This is further evidence of
how strongly the bathymetry influences the circulation as
well as the mixing of plume water in the shelf region. These
offshore mixing processes will be addressed further in CoBB,
KEEN, and WALKER (2008).

Clear-sky NOAA AVHRR imagery is used to examine sur-
face sediment concentrations (SSC) in the Atchafalaya Bay
region during the northwesterly wind episode of the second
frontal passage on December 29, 1997 (Figure 9B); the black
contour line indicates the 10-m isobath. The estimated sur-
face sediment concentrations are the result of strong post-
frontal northwesterly winds (average wind speed around 9 m/s)
that pushed the Atchafalaya plume in a southeastward di-
rection. The isopleths of SSC are proxies for salinity because
the dominantly cohesive sediment in the plume flocculates
and settles as salinity increases; thus, higher salinity pro-
duces lower SSC values. The SSC isopleths of Figure 9B ap-
pear to be well correlated with the salinity patterns predicted
by the model in Figure 9A. In particular the 35-50 mg/L SSC
isopleths are correlated with the higher salinity water (20—
30 psu) southwest of Atchafalaya Bay, and the 75 mg/L iso-
pleth is well correlated with the plume water southeast of
Atchafalaya Bay at (91.3° W, 29.2° N). In addition the 100
mg/L isopleth correlates quite well with the low salinity
plume water within Atchafalaya Bay. It should also be point-
ed out that the SSC appears to reflect the bathymetric con-
tours of Figure 9A as does the salinity. These correlations
indicate that the offshore Atchafalaya river plume dynamics
are being captured by the numerical model during the pas-
sage of the cold fronts.

DISCUSSION

The main objective of this work is to validate a robust and
realistic numerical simulation of the hydrodynamics of the
Atchafalaya Bay region. This objective has been achieved,
based on comparisons of the model-predicted water levels,
current velocities, and salinity at various locations to in situ
observations made by WHO0. In addition the offshore river
plume motion has been validated by comparing NOAA
AVHRR satellite estimates of surface suspended sediment
concentrations (MyINT and WALKER, 2002; WALKER and
HaMMACK, 1999; WHOO0) to the surface salinity predicted by
the model at approximately the same time on December 29,
1997. Despite the overall good agreement between the model
and the observations, however, several discrepancies have
been identified. It is important to understand the source of
these errors so that they can be corrected in subsequent sim-
ulations. Thus, we discuss the errors and what can be done
to correct them in future modeling studies of the Atchafalaya
Bay region.

Accurate atmospheric forcing is critical to coastal circula-
tion modeling in all but tide-dominated regions. This study
has used the NOGAPS operational model because it is readily
available and has been thoroughly examined as a global at-
mospheric prediction system (e.g, HoGaAN and BroDY, 1993).

However, NOGAPS has a horizontal resolution of 1° (approx-
imately 100 km), which is very coarse compared with the
5-km and 800-m grids used in this study. The underpredic-
tion of the postfrontal wind is probably due to this resolution,
which precludes strong pressure gradients and thus strong
wind vectors from developing. This problem has been ad-
dressed by the development of mesoscale models like
COAMPS (Coupled Ocean-Atmosphere Mesoscale Prediction
System) (HODUR, 1997), which use spatial resolutions of less
than 5 km.

The ABG domain was also forced with the measured winds
from Cypremort Point to determine if more accurate wind
forcing would improve the model results. This involved ap-
plying the time varying, but spatially invariant, wind vectors
measured at Cypremort Point over the entire ABG domain.
Unfortunately the spatially invariant wind forcing generated
numerical instabilities during the periods of strong winds re-
gardless of whether the winds were obtained from the Cy-
premort Point data or NOGAPS. This strongly suggests that
spatially variable wind forcing is necessary for achieving re-
alistic simulations of the complex baroclinic circulation that
occurs in the ABG domain.

Bathymetric effects dominate circulation in shallow water,
especially in enclosed bays and estuaries. Thus it is necessary
to examine the model’s response to barotropic flows, which
are sensitive to bathymetry. The tidal water levels predicted
by NCOM show overall good agreement with historical tides
but errors occur at a site (Rabbit Island Pass) in relatively
shallow water (1.83 m at the RB location). This indicates a
probable error in the older bathymetry used for this area of
the bay. It is well known that oyster reefs existed seaward of
Rabbit Island Pass and at the mouth of Atchafalaya Bay until
they were dredged completely in the 1970s (STONE, ZHANG,
and SHEREMET, 2005). These reef structures are most cer-
tainly reflected in the older ABG bathymetry used for this
study and thus affect the tides predicted by the model at RB
as well as within the bay system. Of course, the IHO data-
base is not of recent origin and may reflect some of the same
uncertainties introduced in generating the ABG model grid.
The solution to this problem is to use better (i.e., more recent)
bathymetry, but the incompleteness as well as the age (the
surveys were performed in 1934) of the 90-m NOAA bathym-
etry used for this study demonstrates how difficult this can
be.

The water level observations from Luke’s Landing (Figure
6) show that the inner bays are flushed out by the strong
postfrontal northerly winds and inundated by the steady
southerly winds that occur between cold fronts. The model
predictions also show that this occurs, but there is a discrep-
ancy between the model and the measured water levels be-
tween January 5 and 8; the measured water level keeps ris-
ing after January 5 whereas the model water level starts de-
creasing. An inspection of the overall circulation reveals that
on January 5 the river plume’s westward flow, driven by the
overpredicted southerly winds of NOGAPS, strengthens sig-
nificantly. We infer from this that the weaker southerly and
easterly winds measured at Cypremort Point do not reestab-
lish the westward flow of the river plume as quickly as the
NOGAPS winds. Thus the measured water level continues to
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rise at Luke’s Landing and the measured salinity continues
to decrease at Site 1 for a longer period than is predicted by
the simulation.

The model-observation comparisons of the current velocity
at Sites 1 and 3 indicate that the model is reproducing the
correct trends in the circulation if not the correct magnitudes.
A comparison of the model current velocities with the tide-
only current velocities of the model at Sites 1 and 3 (not plot-
ted) shows that the current is dominated by the tides except
during very strong wind events (i.e,, postfrontal winds). The
[HO tidal validation supports the wind-tide forced currents
of the model because the dominant motion at these locations
is tidal. Therefore, we expect the flood tide amplitudes and
phase of the model currents at Sites 1 and 3 to be in good
agreement with the observations and the ebb tide currents
to be underpredicted by the model. The agreement during
strong wind events depends on the accuracy of the NOGAPS
winds because wind forcing is more important than tidal fore-
ing during these events.

The salinity results demonstrate that the model is repro-
ducing the overall circulation patterns within the region.
Sites 1 and 3 are particularly sensitive to the hydrodynamics
because they are exposed to moving salinity fronts; thus they
provide a useful metric through which the overall circulation,
as well as the river plume motion, can be evaluated. If the
simulated river plume diverges too much from the actual riv-
er plume motion, there should be significant phase differenc-
es between the NCOM salinity and the observations at Site
1. It therefore appears reasonable that the error in the model
salinity at Sites 1 and 3 can be accounted for by differences
between the magnitude and direction of the NOGAPS and
the measured winds. An example of this is the NOGAPS
winds between the second and third cold fronts, which are
stronger and more southerly than the measured winds. The
model-observation comparisons at LL and Site 1 both suggest
that the model’s river plume dynamics diverge from the ac-
tual river plume dynamics during this period. In addition a
significant rainfall event not captured by the model may also
be lowering the salinity and increasing the river discharge
after January 7 (WHO00). This rainfall event might account
for some of the differences between the model and the mea-
sured salinity during the passage of the third cold front.

The preceding discussion demonstrates that the circulation
within the bay system is affected by changes that occur in
the bathymetry over long periods. The overall robustness of
the simulated hydrodynamics suggests, however, that the cir-
culation and general behavior of the river plume do not
change significantly unless there are major changes in the
morphology of the bays and/or their respective freshwater
sources. Thus, for example, if the sediment load of the At-
chafalaya River were increased significantly as part of a fu-
ture coastal conservation project, the bay system’s bathyme-
try could be substantially altered, resulting in significant
changes to their nearshore circulation as well. This would
also be true for dredging projects, which might dump spoils
in sensitive areas. We can speculate that our present under-
standing of the hydrodynamics of the Atchafalaya Bay sys-
tem are sufficient to put fish recruitment and shellfish har-
vesting studies on a more solid foundation, giving biologists

a comprehensive and predictive approach for determining
changes in the baroclinic circulation of a region. Having the
capability to simulate the three-dimensional baroclinic hy-
drodynamics of the bay systems could potentially allow coast-
al engineers to predict the impact of pollution, dredging, and
large scale coastal projects on the regional ecosystems, pre-
venting substantial losses to the fishing industry and the en-
vironment as a whole.

CONCLUSION

This study describes a three-dimensional numerical model
(Navy Coastal Ocean Model) of tide, river, and wind-forced
circulation in the Atchafalaya Bay region, which is part of
the Mississippi River outflow in the northern Gulf of Mexico.
The Atchafalaya Bay model is nested to a northern Gulf of
Mexico model, which is itself nested to the global NCOM.
This approach permits realistic effects from nonlocal process-
es like tides and synoptic atmospheric forcing such as cold
fronts. The model system described in this work can be used
to better understand river-dominated circulation in this re-
gion and applied to the long-term management of Louisiana’s
coastal ecosystem as well as the future development of its
natural resources.

The models are validated by comparison with measure-
ments taken within the bays and the adjacent inner shelf
during the passage of cold fronts in December 1997 and Jan-
uary 1998. The innermost nested model, which includes both
large and small sources of freshwater, accurately reproduces
the baroclinic and barotropic flows within the bay as evi-
denced by the observations. Discrepancies between the model
predictions and the measured hydrographic data are caused,
to a large extent, by uncertainties in the model’s wind forcing
and freshwater sources (i.e, river discharge, local rainfall
runoff, and salinity values). The older bathymetry used for
the inner bays and inner shelf also appears to be a significant
source of error in the model results.

This work lays the foundation for further studies of circu-
lation in the Atchafalaya Bay system and for future studies
of fine-grained sediment transport. The interactions of the
tide, river, and wind-forced circulation during cold fronts are
examined in a companion paper (CoBB, KEEN, and WALKER,
2008). Although the current paper and its companion paper
only focus on a brief period, they do capture in detail the
dominant circulation processes at work in the Atchafalaya
Bay system during the winter months. As illustrated further
in part 2 of this study, the interactions of the river plume
with the inner bays and adjacent shelf are essential to un-
derstanding sediment transport in the region and the details
of these (relatively brief) interactions must be thoroughly in-
vestigated.

ACKNOWLEDGMENTS

Cobb and Keen were funded by program element 0601153N
of the Office of Naval Research. The authors would like to
acknowledge Lucy Smedstad for providing the global NCOM
boundary conditions required for this study and Paul Martin
for help with constructing the Atchafalaya computational
grid. In addition, we would also like to acknowledge Clark

Journal of Coastal Research, Vol. 24, No. 4, 2008



Atchafalaya Bay System 1047

Rowley and Charlie Barron for assistance with the river in-
put of NCOM. The U.S. Army Corps of Engineers New Or-
leans Division funded the field measurements that were used
extensively for model validation.

LITERATURE CITED

AvLLIsON, M.A.; KINEKE, G.C.; GorDON, E.S., and Gont, M.A., 2000.
Development and reworking of a seasonal flood deposit on the in-
ner continental shelf off the Atchafalaya River. Continental Shelf
Research, 20, 2267-2294.

BARRON, C.N. and SMEDSTAD, L.F., 2002. Global river inflow within
the Navy Coastal Ocean Model. In: Proceedings to Oceans 2002
MTS /IEEE Conference (29—31 October 2002), pp. 1472-1479.

BARRON, C.N.; SMEDSTAD, L.F.; RHODES, R.C.; KArRA, A.B.; Row-
LEY, C.R.; ALLARD, R.A., and HURLBURT, H.E., 2004. Validation
of the 1/8° Global Navy Coastal Ocean Model Nowcast/Forecast
System. NAVO MSRC Navigator, Spring 2004, pp. 5-8.

BENDAT, J.S. and PiERsoOL, A.G., 2000. Random Data Analysis and
Measurement Procedures, 3rd edition. New York: John Wiley &
Sons, 594p.

Cogg, M.; KeeN, T.R., and WALKER, N.D., 2008. Modeling the cir-
culation of the Atchafalaya Bay Region, 2: river plume dynamics
during the passage of a cold front. Journal of Coastal Research,
24: 1048-1062.

Draurt, AE.; KINEKE, G.C.; HuH, 0.K.; GRYMES, J.M., III; WEST-
PHAL, K.A., and MoOELLER, C.C., 2005. Coastal mudflat accretion
under energetic conditions, Louisiana chenier-plain coast, USA.
Marine Geology, 214, 27-47.

EGBERT, G.D. and EROFEEVA, S.Y., 2002. Efficient inverse modeling
of barotropic ocean tides. Journal of Atmospheric and Oceanic
Technology, 19, 183-204.

GOREE, B.B.; LovELACE, W.M.; MONTGOMERY, P.A.; RESWEBER,
J.C.; SAssER, D.C.,, JR., and WALTERS, D.J., 2001. Water Resourc-
es Data—Louisiana, Water Year 2000. U.S. Geological Survey Wa-
ter-Data Report LA-00-1, 581p.

Hobpur, R.M., 1997. The Naval Research Laboratory’s coupled ocean/
atmosphere mesoscale prediction system (COAMPS). Monthly
Weather Review, 125(7), 1414-1430.

Hocan, T.F. and Brobpy, L.R., 1993. Sensitivity studies of the Navy
global forecast model parameterizations and evaluation of im-
provements to NOGAPS. Monthly Weather Review, 121(8), 2373—
2395.

Hus, 0.K.; WALKER, N.D., and MOELLER, C., 2001. Sedimentation
along the eastern chenier plain coast: down drift impact of a delta
complex shift. Journal of Coastal Research, 17, 72-81.

KanN, J.H. and RoBERTs, H.H., 1982. Variations in storm response
along a microtidal transgressive barrier-island arc. Sedimentary
Geology, 33, 129-146.

Kara, A.B.; BARRON, C.N.; MARTIN, P.J.; SMEDSTAD, L.F., and
RuODES, R.C., 2006. Validation of interannual simulations from
the 1/8° global Navy Coastal Ocean Model (NCOM). Ocean Mod-
eling, 11, 376-398.

KeeN, T.R.; Ko, D.S.; SLINGERLAND, R.L.; RIEDLINGER, S., and
FLYNN, P., 2006. Potential transport pathways of terrigenous ma-
terial in the Gulf of Papua. Geophysical Research Letters, 33,
L04608, doi: 10.1029/2005GL.025416.

KiNeEkE, G.C.; HicGINs, E.E.; Hart, K., and VELASco, D., 2006.
Fine-sediment transport associated with cold-front passages on
the shallow, Gulf of Mexico. Continental Shelf Research, 26, 2073—
2091.

Ko, D.S.; PRELLER, R.H., and MARTIN, P.J., 2003. An experimental
real-time intra-Americas sea ocean nowcast/forecast system for
coastal prediction. In: Fifth Conference on Coastal Atmospheric and

Oceanic Prediction and Processes (Boston, American Meteorologi-
cal Society).

MokeLLER, C.C.; Hun, O.K.; RoBerTs, H.H.; GuMmLEY, L.E., and
MeNzEL, P.W., 1993. Response of Louisiana coastal environments
to a cold front passage. Journal of Coastal Research, 9, 434—447.

MoREY, S.L.; MARTIN, P.J.; O'BRIEN, J.J.; WALLCRAFT, A.A., and
ZAvALA-HIDALGO, J., 2003. Export pathways for river discharged
fresh water in the northern Gulf of Mexico. Journal of Geophysical
Research, 108: doi: 10.1029/2002JC001674.

Mossa, J. and RoBERTS, H.H., 1990. Synergism of riverine and win-
ter storm-related sediment transport processes in Louisiana’s
coastal wetlands. Gulf Coast Association of Geological Societies, 40,
635-642.

MyinT, S.W. and WALKER, N.D., 2002. Quantification of surface sus-
pended sediments along a river dominated coast with NOAA
AVHRR and SeaWIFS measurements: Louisiana, USA. Interna-
tional Journal of Remote Sensing, 23(16), 3229-3249.

NOAA, 2005. U.S. Estuarine Bathymetric Data Sets. http:/
estuarinebathymetry.noaa.gov/ (accessed November 1, 2005).

PENLAND, S.; CONNOR, P.F.; BEALL, A.; FEARNLEY, S., and WiL-
L1AMS, S.J., 2005. Changes in Louisiana’s shoreline: 1855-2002.
Journal of Coastal Research, Special Issue No. 44, 7-39.

PERrEz, B.C.; DAy, J.W,, Jr.; RouUsE, L.J.; SHAW, R.F., and WaANG,
M., 2000. Influence of Atchafalaya River discharge and winter
frontal passage on suspended sediment concentration and flux in
Fourleague Bay, Louisiana. Estuarine, Coastal and Shelf Science,
50, 271-290.

RoBERrTs, H.H.; Apams, R.D., and CuUNNINGHAM, R.H.W., 1980.
Evolution of sand dominant subaerial phase, Atchafalaya Delta,
Louisiana. American Association of Petroleum Geologists Bulletin,
64, 264-279.

RoBERTS, H.H.; WALKER, N.; CUNNINGHAM, R.; KEMP, G.P., and
MAJERSKY, S., 1997. Evolution of sedimentary architecture and
surface morphology: Atchafalaya and Wax Lake deltas (1973—
1994). Transactions Gulf Coast Association of Geological Societies,
47, 477-484.

ScHLEMON, R.J., 1975. Subaqueous delta formation-Atchafalaya
Bay, Louisiana. In: BROUSSARD, M.L. (ed.), Deltas: Models for Ex-
ploration. Houston: Houston Geological Society, pp. 209-221.

STONE, G.W.; ZHANG, X., and SHEREMET, A., 2005. The role of bar-
rier islands, muddy shelf and reefs in mitigating the wave field
along coastal Louisiana. Journal of Coastal Research, 44, 40-55.

SwarzeNsKl, C.M., 2003. Surface-Water Hydrology of the Gulf In-
tracoastal Waterway in South-central Louisiana, 1996-99. U.S.
Geological Survey Professional Paper 1672, 51p.

U.S. GEOLOGICAL SURVEY, 2001. National Water Information Sys-
em (NWISWeb) data. http:/waterdata.usgs.gov/nwis/ (accessed
December 1, 2005).

VAN HEERDEN, I.L.; WELLS, J.T., and RoBERTS, H.H., 1983. River-
dominated suspended-sediment deposition in a new Mississippi
delta. Canadian Journal of Fisheries and Aquatic Sciences, 40, 60—
7.

WALKER, N.D. and HamMACK, A.B., 1999. Impacts of River Dis-
charge and Wind Forcing on Circulation, Sediment Distribution,
Sediment Flux, and Salinity Changes: Vermilion/Cote Blanche
Bay System, Louisiana. Submitted to the U.S. Army Corps of En-
gineers, Waterways Experiment Station, Vicksburg, Mississippi,
157p.

WALKER, N.D. and Hammack, A.B., 2000. Impacts of winter storms
on circulation and sediment transport: Atchafalaya-Vermilion Bay
Region. Journal of Coastal Research, 16, 996—1010.

WALKER, N.D.; HAMMACK, A.B.; CUNNINGHAM, R., and ROBERTS,
H., 1997. Satellite Observations of Circulation, Sediment Distri-
bution, and Transport in the Atchafalaya-Vermilion Bay System.
Submitted to the U.S. Army Corps of Engineers, Waterways Ex-
periment Station,Vicksburg, Mississippi, 88p.

Journal of Coastal Research, Vol. 24, No. 4, 2008



